has served on the faculty of the Department of Aerospace Engineering and Engineering Mechanics at the University of Texas at Austin since 1965. His early research focused on low thrust interplanetary trajectory optimization. In the 1970s, his research focus broadened to include spacecraft attitude dynamics, tumbling satellite dynamics and retrieval, spacecraft rendezvous and proximity operations, and spacecraft / mission design. His current research centers on spacecraft / mission design and space systems engineering.
This paper examines the SoI program in the Lower Rio Grande Valley of south Texas and its role in exciting students in engineering education. SoI is geared specifically towards underserved and underrepresented students in grades 4-9 and leverages a multi-faceted, partnership-based implementation approach to maximize the project's scale and research while allowing for local flexibility and innovation. By identifying local needs of schools and providing sustained professional development to certified educators in support of effective content delivery, we increase capabilities of summer programs to provide program models that are viable for replication or scalability of student interventions.
Specific questions addressed in this report ask:
1. Do summer Science, Technology, Education, and Math (STEM) engagement activities increase student interest in STEM? 2. Did participating teachers gain knowledge, build critical instructional skills, and increase self-confidence in motivating students in STEM? 3. Did participating students gain STEM knowledge and become excited about moving forward in the STEM education and career pipeline?
4. What are participating teachers' and students' opinions about their experience in the activities provided through this project?
NASA Summer of Innovation
Background: In 2009, President Obama announced the "Educate to Innovate" campaign to foster a renewed commitment to strengthen Science, Technology, Engineering, and Math (STEM) education. In January 2010, the National Aeronautics and Space Administration (NASA) launched the Summer of Innovation (SoI) project in response to the President's call to action. SoI's clearly articulated Vision, Mission, and Objectives are centered on building local educational capacity for supporting STEM education for underserved and underrepresented middle school students.
Vision: Advance excellence in summer and extended learning for underrepresented and underserved middle school students to inspire them toward future STEM pursuits.
Mission:
Strengthen efforts by providers that engage underrepresented and underserved middle school students in STEM learning by using exciting and rigorous NASA-based instructional resources, experiences and support tailored to local needs.
Objectives:
• Build the capacity of community-and school-based organizations to engage underserved and underrepresented students in high-quality STEM content, focusing on the "E" in summer and extended learning experiences tailored to meet local needs.
• Support the infusion of NASA themes and engineering resources in summer and extended learning.
• Facilitate the alignment of summer and extended learning programming with the formal education community to support coordinated and sustained engineering engagement in STEM content.
Summer and after-school programs present a prime venue for fostering student interest in STEM because of their informal atmosphere and their unique ability to inspire and excite children through enrichment experiences and hands-on, project-based group activities. 1 Out-of-school time (OST) activities allow students to connect with STEM on a personal level, which is especially important for students who are underrepresented in these fields and may not have previously felt encouraged to pursue STEM.
2 SoI was designed to give students an opportunity to engage in OST learning at an early age and during a critical period in the education cycle: summer. As a recently study has shown, 75% of Nobel Prize winners in science attribute their interest in science to an out-of-school experience, 3 and many students who originally underachieved in STEM before successfully pursuing STEM careers discovered their passion during OST programs.
4 A meta-analysis of 93 summer program evaluations showed that summer programs designed to improve students' academic abilities tend to increase skills and knowledge by the end of the summer. (Coper) 5 In fact, not attending summer programs can have negative impacts on student performance. While students are on summer break, many forget what they learned in the previous year and enter the next grade at a disadvantage. Because of this "summer slide," the average student loses around two months of math skills by the end of the summer. Implementation "Imagine Now to Innovate for the Future" was one of seven national awardees for NASA Summer of Innovation and was designed to train a select set of certified middle school teachers from school districts throughout the Lower Rio Grande Valley (LRGV) of South Texas to disseminate mission information and use NASA-themed experiences to excite Grade 4-9 students about science, technology, engineering, and math (STEM). Through partnership with the Texas Education Agency's Region One which is comprised of 37 school districts and 24 charter school campuses, NASA's Texas Space Grant Consortium, and The University of Texas at Austin, teachers in 7 counties along the US-Mexico border were provided the opportunity to learn methods for incorporating NASA curriculum that used actual human space flight information, satellite data, grade-level appropriate classroom activities, and hands-on instruction related to the four facets of STEM education. Teachers who participated in the training then infused NASA content and products into project-based STEM summer camps and school enrichment activities for females, minorities, and low-income students entering grades 4-9.
Annual objectives for this four-year project funded by a grant from NASA included:  150 certified teachers annually will increase their knowledge of NASA's scientific and engineering achievements and products supporting STEM education and learn about the importance of introducing students to diverse science careers and scientists of those fields during Texas Summer of Innovation (SoI) professional development training which will prepare them to lead summer student experiences and classroom activities during the school year.  2,500 underrepresented and underserved middle school students annually will participate in a minimum of 30 hours of SoI activities during the summer while increasing their STEM knowledge during a suite of SoI activities.  Project-based learning activities were implemented during the summer at local schools and Boys and Girls Club sites with a minimum of 30 contact hours per student. These summer programs were followed during the school year with after-school STEM engagement, Science Saturdays, Family Science Nights, and STEM classroom activities conducted by teachers during regular school hours.
With NASA support and detailed content, SoI strategically partnered with 13 school districts and community-based youth organizations annually. The schools recruited certified teacher's, provided free breakfast and lunch for participants, opened school facilities and staff for the camps, and provided bus transportation to and from the school. Youth organizations recruited staff to implement activities and provided facilities for hosting the camps. The project team selected NASA curriculum and activities from the NASA Summer of Innovation website (http://www.nasa.gov) 7 , coordinated camp schedules, conducted the training, purchased all materials, and managed the program logistics.
Each year, the program management team met with local school district and youth organization representatives to select camp themes, coordinate training dates, and discuss implementation strategies. Changes made were based on evaluation results. NASA themes were selected from offerings suggested on the NASA Summer of Innovation website for teacher training along with Page 26.9.4
summer camp activities to increase capabilities and interest in STEM studies and careers. The partnerships and activities that bring regional STEM stakeholders together to create stimulating STEM learning communities will sustain the effort to increase diversity and equity in the STEM education and career pipeline.
Camp themes included Girls in Science, Light and Optics, Solar System Exploration, Let's Engineer It, Underwater Robotics, Rocketry, and Living in Space. While each camp theme began with the engineering design process which applied to all activities, four themes were selected each year. In Year 1, students were recruited for the camps by flyers distributed at the schools, signage in schoolyards declaring "NASA is coming!" and through public service announcements advertised on the local cable television. In following years, Family Science Nights were hosted in the school districts where camps would be held. Students and an invited guest came to the school and rotated through hands-on activities in each of the camp themes that would be offered, and had the opportunity to register their student for the summer program.
Logistics
The trainer for each camp theme selected the activities that would be included in the camp, provided suggested time for each activity, selected NASA support videos links, and made a list for needed supplies. Because the project purchased all materials and provided them to the teachers, shopping and transporting became a critical part of the implementation success. The PI and Co-PI had to take the shopping list, identify whether the activity was an individual or group activity, determine how many sites would be offering this camp, and then multiply to get totals of items to be purchased. Doing camps for 1,500 youth, with each camp having 10-15 activities, was a shopping and transportation challenge. A storage room was rented to store materials close to the sites and vans were rented by partners six hours away to transport goods.
Teacher participants were paid for their professional development and for the camp implementation. To insure that each teacher (camp leader) provided the necessary information NASA required in their evaluation, a Teacher Contract was developed after year 1. The contract included a minimum number of students in each camp, attendance lists, quotes from students and parents, and photos or a video of their camp implementation. Teachers were not paid until all elements were turned in to the coordinators of each district.
Initially, the grant was written that as funds reduced each year, school districts would realize the benefit of the summer engagement and pay teachers to participate. While school districts agreed and were enthusiastic, their budgets were cut and they had no funds to contribute. Since the number of students to be reached remained the same annually, the program partnered with the Boys and Girls Clubs throughout the region. Their informal education staff members are 
Program Purpose and Objectives
In 2011, NASA administered an external evaluation that included surveys of teachers and students. Due to changes in the protocol, NASA elected not to administer any evaluations in 2012. While not a requirement for the LRGV SoI project, RGVSA continued with its plan for local evaluation.
Primary data sources for this evaluation of the project were: (1) survey responses from convenience samples of teachers who participated in the summer workshops; (2) students' responses to surveys their teachers administered in summer camps; and (3) interviews with project leaders.
The RGVSA survey questionnaires for teachers were produced in consultation with the project's principal investigators by adapting selected items from the "Mathematics and Science Teacher Page 26.9.6
Questionnaires" from the NSF supported 2000 National Survey and tailoring the questions to the specific topics and activities of the LRGV SoI "Imagine..." project.
The summer camp teachers who participated in the project's teacher training activities administered anonymous surveys to their students at the close of the summer camps. The surveys addressed the specific inquiry-guided activities for the given camp and also included questions suggested in descriptions of goals and expected outcomes described in the project proposal and on the NASA Summer of Innovation website.
The downloaded datasets compiled from Survey Monkey were further analyzed to address the evaluation questions in the current report using the Statistical Package for the Social Sciences (SPSS) version 21. NASA themes for the summer camps whose teachers conducted student surveys in the summer of 2012 included Girls in Science-Light & Optics, Solar System Adventures, Engineering, Underwater Robotics, and Rocketry. Certified teachers for camps with these themes participated in LRGV SoI training in the summer of 2011 and/or Summer of 2012. A total of 32 of the camps participated in the student surveys:
• 8 "Girls in Science" camps (survey respondents ranged from 8 to 32 per camp with median = 21);
• 9 "Solar System Adventures" camps (survey respondents ranged from 13 to 25 per camp with median=19); • 7 "Engineering" camps (survey respondents ranged from 12 to 25 per camp with median =23);
• 1 "Robotics" camp (survey respondents were 15 girls); and • 7 "Rocketry" camps (survey respondents ranged from 9 to 28 per camp with median =21).
NASA Theme Activities Students Identified As Their "Favorite"
Camp Name
Number writing a description of their favorite activity Number of different activities described
Most popular activities
A total of 605 were selected for the random sample evaluation. 95% of those completing the survey provided written answers to the question that asked "What was your favorite activity?" As a group they identified 73 different activities as personal favorites. The answers ranged from naming a broad theme (e.g., "engineering") to describing an action (e.g., "spray painting planets") to activity names (e.g., "Mission 1") to supplies required for the activity (e.g., "cornstarch") to products produced by the activity (e.g., "bridge"). A few of the students (3%) wrote that "all" of the activities were their favorite. Notably popular activities were the solar oven, rockets, and the hot chocolate machine. But the wide array of "favorite activity" is an indicator that the NASA themed activities were engaging and appealing to each and nearly every camper. • Capabilities for overcoming the apprehension students feel when faced with abstract math 3% 14% 42% 41%
Teacher gains in STEM knowledge and confidence to motivate students in STEM (Teacher training participants' (N=140) responses to summer survey)
• Intentions to engage students in using NASA data products and research results 0 6% 28% 66%
• Capabilities for exciting student interest in STEM 0 5% 24% 71%
More than 75% of the teachers who responded to the survey at the end of training summer 2011 indicated the workshop increased their STEM content knowledge and their capabilities for motivating students in STEM.
Teacher gains in STEM knowledge (Teacher training participants' (N=22) responses to summer 2012 survey)
How much knowledge did you have about the subject of the NASA summer camp you will lead in 2012: None A little A lot BEFORE attending the training 24% 71% 5% AFTER attending the training 0 5% 95%
Nearly all (95%) of the teachers who responded to the survey at the end of training summer 2012 indicated that after attending the training they knew "a lot" about the subject of the NASA summer camp they planned to lead. They also reported that before attending the workshop their knowledge about the subject of the summer camp they would lead was "a little" or "none."
Teacher gains in instructional STEM skills (Teacher training participants (N=140) responses to summer survey)
Percent of teachers responding to the end-of-training survey (N=140) with survey responses indicating they FELT WELL PREPARED to conduct the following instructional tasks:
SoI Training a BEFORE AFTER Nationwide b Lead a camp (class) of students using investigative strategies 31% 96% 77% Manage a camp (class) of students engaged in hands-on/project-based work 34% 97% 91% Help students take responsibility for their own learning 63% 99% -Encourage students' interest in STEM 59% 100% 80% Use strategies that specifically encourage participation of females and minorities in STEM fields The teachers also indicated gains in instructional STEM skills from before to after attending the training. After the training, more than 95% reported they felt "well prepared" to lead a class of students using investigative activities, manage a camp (class) of students engaged in handson/project-based work, and use strategies that specifically encourage participation of females and minorities in STEM fields. Less than half of the teachers reported feeling well prepared in these instructional tasks before attending the training. As a group, the approximately 150 participants in this project's NASA themed teacher training were less experienced than science teachers statewide, and they were more likely to report having had no college coursework in Earth/Space Science compared to a national sample of science teachers. In common with science teachers elsewhere in the state and in the nation, the majority of the participants in the training were female. But unlike their peers elsewhere, the vast majority of the teachers reached during the first two years of this project were Hispanic. These results are consistent with the project's goal of reaching females and minorities to disseminate mission information and use NASA-themed experiences to excite students about science, technology, engineering, and math (STEM).
Diversity of teachers reached (Teacher training participants' responses to the summer survey compared to statewide statistics and published data for a nationwide sample)

Teachers' intentions to use NASA activities and materials provided (N=140 responding to the survey questions)
Percent who "STRONGLY AGREE" they will use the activities and materials to:
• Peak student interest and get them personally involved in learning 82% • Provide students opportunity to make hypotheses, test their own predictions, and draw their own conclusions 70%
• Inspire students to communicate with one another and with their families to explain what they have learned and what it means.
81%
At the end of the training, more than 80% of the teachers expressed intentions to use the NASA themed activities and materials to peak student interest and to inspire students to communicate with one another and with their families to explain what they have learned and what it means. ~ Values were suppressed when the exact count is fewer than 10 individuals. When row or column totals would allow calculation of an exact number where the count is less than 10 individuals, the total is expressed ">" rather than exact.
Diversity of students reached in the LRGV SoI Summer Camps (Summer camp participants' responses to the summer survey)
More than 600 participants in LRGV NASA-themed SoI Summer Camps in 2012 responded to the student survey. Approximately 60% were females. More than 80% of the campers indicated they are Hispanic. Approximately 60% were in grades 4 and 5, but the camps also included substantial numbers of students in grade 6 and lesser numbers of students in grades 7, 8 and 9. This set of result is consistent with the project's goal of reaching female and minority middle school students with opportunities to increase their knowledge and become excited about STEM.
Student gains in STEM knowledge (Summer camp participants' responses to the surveys (N > 626))
Theme of the Summer Camp Content with largest percent of students reporting "lots" of progress Girls in Science: Light & Optics Understand what colors make up white and florescent light 82% Engineering
How to follow instructions and use checklists in building a rover or robot 72% Robotics Communication skills that form the basis for programming a robot 73% Solar System and Beyond Names of planets and other minor bodies in the solar system 78% Rocketry Characteristics of engineering design process 64%
The proportions of participating students who reported "lots" of progress on one or more elements of their STEM knowledge during their summer camp experience ranged from 64% of students in the Rocketry camps to 82% of those in the Girls in Science Camps that focused on light and optics. More detail about the specific content areas where students perceived they made "lots" of progress is provided in the camp specific survey reports that are attached to this evaluation report.
Students' intentions to do science learning activities "now that camp is over" (Summer camp participants' responses to the summer surveys (N > 626))
Numbers of student participants providing responses to the summer camp surveys Showing some of their friends how to do activities from summer camp, talking to their family about NASA, and visiting the NASA website were the science learning activities that students were most likely to indicate they would do "now that camp is over." These activities were indicated by more than two-thirds of the students. Even though it was selected less often as an activity students intend to do now that camp is over, "joining a science club when I go back to school this fall" was on the list of further science learning activities for approximately 40% of the students. More than 95% of the students reported the summer camp experience "excited interest in learning more about space science. And more than half indicated they had made lots of progress in knowing the different kinds of careers there are in space science. Virtually all of the students who participated in the survey at the close of the LRGV SoI Summer Camps in 2012 reported that they enjoyed the camp, and more than 90% said they would attend more NASA themed camps.
The most frequent themes in the students' written responses to an open-end question asking them "What will you tell your friends about your days at summer camp?" were that it was fun and/or that it was awesome/amazing/exciting/cool. Other themes were about the activities and projects that the students "made" or "did," that their friends should come to camp, and about what they learned at camp. A few students effused that the teachers and/or the summer camp experience was the "best ever." One student summed it up by saying the NASA summer camp was "the perfect way to spend the summer."
Teachers' short answers to questions asking their opinion of the training (N=22 responding to the summer survey)
Numbers of teacher participants providing responses to the summer 2012 survey The training prepared me "a lot" for conducting the NASA themed camp 100% I feel confidence I received the appropriate amount of training to prepare me to teach the camp 100%
Teachers' opinions about their experience in the LRGV SoI teacher training were similarly endorsing. The survey at the close of the teacher training in 2012 asked two closed-end questions seeking teacher's opinions. The teachers participating were unanimous in reporting the training prepared them "a lot" for conducting the NASA camp and that they felt confident they had received the appropriate amount of training to prepare them to teach the camp.
Students' narrative answers to questions asking their opinion of their summer camp experience (N > 626 responding to the summer surveys)
Students' responses to the question: "What will you tell your friends about your days at summer camp? Total number writing a narrative answer to the question: 531 Theme 1: It was fun.  "Super fun visitors come for NASA. When I grow up I will be the first in Mars."  "I had a lot of fun doing experiments at science camp."  "Try it with next year with me because you learn more and have fun."  "It was super fun!" Total of students with this opinion: 186 Theme 2: It was awesome/amazing/exciting/cool  "It was real cool and awesome. It got me interested in NASA and its technology."  "It was super, duper, duper fun and awesome."  "You should go to science camp NASA. It was awesome!!"  "They should come and be so excited."  "That we made cool stuff and that I learned a lot of stuff, and you can come too." Total of students with this opinion: 153 Theme 3: I will tell them about activities/projects/what we made/what we did.
 "I will show them the projects I made."  "About our robots and how we got them to work."  "About the cocoa machine and the air gun where you shoot the marshmallow."  "I know how to make a model rocket. Let's build one." Total of students with this opinion: 62 Theme 4: You should come.
 "I really liked it and next year you should try it."  "I will tell them to join summer camp! for NASA science!" Total of students with this opinion: 35 Theme 5: I learned...
 "I'll tell them I went to a science camp and learned about astronauts."  "You learn about space science. There are very fun activities and there is no test."  "That I learn more stuff about NASA in this camp." Total of students with this opinion: 23 Theme 6: Best teachers/camp/summer  "They should come to have fun with the best teachers of science."  "It was the best summer I had in my life."  "This was the best "funnest" science camp ever!" Total of students with this opinion: 16 NOTE: Each student's answer was assigned only one thematic code. The total number of responses per theme is, therefore, much higher than the simple totals presented in the table because students often included multiple themes in their narrative (e.g., You should go to science camp NASA. It was awesome!!).
Teachers' narrative answers to questions asking their opinion of the training (N = total of 162 respondents to surveys)
Teachers' responses to the question asking what changes they recommend in the training Total number writing a narrative answer to the question: 123 Theme 1: It was awesome/excellent/exciting/great/wonderful  "The program is excellent and provides awesome activities"  "This is an awesome and inspiring project making me want to sign up for more."  "Excellent. Fantastic workshop! I surely feel empowered to go teach Astronomy!"  "Wonderful experience and I'm more than sure the students are going to love it."  "Can't wait to get started!"  "Excellent presenter and information was relayed just perfect."  "Training was very well run and exciting!"  "Informative and fun!" Total of teachers with this opinion: 83 Theme 2: Need more of this kind of training  "Bring more sessions!"  "I would love to repeat the rocketry course again."  "Would like the same four topics [in the future] so that I can do the other classes."  "Same courses...I want to do engineering again." Total of teachers with this opinion: 18 Theme 3: Need tweaks in logistics: more lead time/supplies  "Not enough supplies given."  "Have the training closer to [my city]."  "Give schools more time to advertise the camps."  "We need more than $20 to purchase all the materials needed to implement the activities."  "Give us some time to plan the weeklong camp." Total of teachers with this opinion: 16 Theme 4: Reach more districts/students  "More opportunities needed in the Rio Grande Valley for students in science."  "Extend opportunity to other smaller districts."  "The key is to start early in life so that their love for STEM classes is reached at an early age." Total of teachers with this opinion: 5
Surveys at the close of teacher training gave teachers the opportunity to provide narrative feedback and recommendations. The most frequent theme in the narratives was that the training was awesome/excellent/exciting/great/wonderful. The distant but second most frequent theme was that more of the same kind of training is needed. Recommendations for changing or improving the training were suggestions about logistics (e.g., more lead time and more supplies) and about extending the training to reach more districts and more students.
Key Results:
• NASA themes were Girls in Science, Light and Optics, Solar System Exploration, Engineering, Underwater Robotics, Rocketry, and Living in Space.
• More than 80% of the participating teachers and students were Hispanic and approximately 60% were female. Students were in grades 4-9.
• As a group, the approximately 150 teachers surveyed were less experienced than science teachers statewide and more likely to report having had no college coursework in Earth/Space Science or Engineering compared to a national sample of science teachers. Page 26.9.15
• Teacher surveys indicated gains in STEM knowledge, critical instructional skills for STEM, and confidence in capabilities for exciting students about STEM.
• At the end of the training, more than 80% of the teachers expressed intentions to use the NASA themed activities and materials to peak student interest and to inspire students to communicate with one another and with their families to explain what they have learned and what it means.
• Students who participated in the surveys administered by RGVSA wrote narratives naming more than 70 of the NASA themed hands-on and project-based activities as their personal "favorite." • Showing some of their friends how to do activities from summer camp, talking to their family about NASA, and visiting the NASA website were the science learning activities that students were most likely to indicate they would do "now that camp is over." These activities were indicated by more than two-thirds of the students.
• Students and teachers alike described their experiences in the LRGV NASA Summer of Innovation program as "fun" and/or "awesome" and/or "excellent" and/or "exciting" and/or "cool." Teachers recommended more of the same kind of training. Students said they would come to more NASA camps in the future and will tell their friends "next year you should try it."
Conclusions and Recommendations
The project achieved its goals for reaching females and minorities to disseminate mission information and use NASA-themed experiences to excite students about STEM. The wide array of "favorite activity" identified by students who participated in the summer camps is an indicator the NASA themed activities were engaging and appealing to each and nearly every camper. The ringing endorsements by the predominantly female and minority participants indicates the project is succeeded in using NASA themes for teacher training along with summer camp activities to increase capabilities and interest in STEM studies and careers. The teachers' and students' expressed intentions for using and sharing what they have learned will contribute to sustainable progress toward increased diversity and equity in the STEM pipeline. Recommendations emerging from this evaluation echo those of the participants: (1) more of this kind of teacher training is needed and (2) more of these kinds of opportunities to learn that science is "fun" is wanted by the students.
The NASA Summer of Innovation grant was for a four-year period, ending in 2014. Current plans are to provide teacher training through the NASA webinars and a partnership with the Texas Education Agency Regional Service Center. The Rio Grande Valley Science Association as approved funds to continue the student summer engagement through the Boys and Girls Clubs. Training will be provided to their staff and funds have been allocated to purchase materials and supplies. Funding for school-based summer programming is still being solicited.
